Introduction {#S0001}
============

Triple negative breast cancer (TNBC) is defined by the lack of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2), which occupies 12--17% of newly diagnosed breast cancer.[@CIT0001] The long-term outcomes of TNBCs are poorer than that of other subtypes as a result of early recurrences and a propensity for distant visceral metastases.[@CIT0002] To individualize systemic therapy and also to select well patients who may derive benefit from treatment, prognostic factors have been tried to classify patients with TNBC at low and increased risk of disease recurrence. The traditional prognostic markers for TNBC include tumor size, tumor histological grade, clinical stage, and lymphatic metastasis. In an attempt to clearly estimate the TNBC patients' outcomes, many prognostic factors have been investigated.

Lately, increasing studies focus on the identification of several inflammation-based indexes in several cancers,[@CIT0003],[@CIT0004] such as the neutrophil--lymphocyte ratio (NLR) and the albumin-to-globulin ratio (AGR).[@CIT0005] However, only a few studies have systematically investigated the relationship between TNBC and AGR. Moreover, the NLR and prognostic value of the combined AGR and NLR remain unclear.

Material and methods {#S0002}
====================

Patient population {#S0002-S2001}
------------------

From a prospectively collected Tumor Hospital of Harbin Medical University surgical database, patients were identified who underwent mastectomy between January 2006 and December 2008. Eligible patients were those with no metastatic lesions before surgery, infiltrating ductal carcinoma, and TNBC (ER, PR, and HER2 negative). These patients were treated with standard therapy. No patients were lost to follow-up. Patients who developed disease relapse were confirmed by adequate diagnostic examinations during the follow-ups. Disease-free survival (DFS) was calculated from the date of surgery to the date of disease recurrence, death or last follow-up.

Clinical data collection {#S0002-S2002}
------------------------

Baseline characteristics were collected, including age, menopause status, tumor size, nodal status, histological grade, Ki-67 status, P53 status, and laboratory data (neutrophil count, lymphocyte count, serum ALB value, and serum GLB value on the first hospitalization day). NLR values were obtained by dividing the absolute neutrophil count by the absolute lymphocyte count. AGR was defined as the serum ALB value divided by the serum GLB value.

Immunohistochemistry {#S0002-S2003}
--------------------

All the TNBC tissues were formalin-fixed and paraffin-embedded. For each sample, a 4 µm-thick tissue section was provided on a slide. Immunohistochemical method was executed as depicted previously.[@CIT0006] The tumors from 2006--2008 in the study were re-tested the status of ER, PR and HER2 by two different pathologists. ER, PR, and HER2 were considered negative according to the ASCO/CAP guidelines.[@CIT0007],[@CIT0008] Samples were considered positive for Ki-67 with more than 20% stained of the breast cancer cells examined. Any staining of the cancer cells was seen as P53 positive.

Statistical analyses {#S0002-S2004}
--------------------

Statistical analyses were performed with SPSS, version 20.0 (IBM, USA). The primary end point of the study was DFS. We determined the optimal cutoff levels for the AGR and NLR by applying receiver operating curve (ROC) analysis. Sensitivity and specificity were calculated by the optimal cutoff points on the ROC curves, which decided the maximum value (sensitivity+specificity−1) of Youden index.[@CIT0009]

The Chi-square test or Fisher's exact test was used to calculate the association between patients' and tumor's categorical characteristics and AGR and NLR. The impact of AGR and NLR on DFS was analyzed using Kaplan--Meier method. Survival data between groups were compared with the two-tailed Log-rank test. We performed the Cox proportional hazard model for the univariate and multivariate analysis to assess the variables under the prognostic factor section to evaluate their impact on DFS. A P value of \<0.05 was considered statistically significant.

Results {#S0003}
=======

TNBC patient characteristics {#S0003-S2001}
----------------------------

A total of 286 patients met all inclusion criteria and were included in the study. Patient demographics, TNBC characteristics at diagnosis, and correlation of these characteristics with AGR and NLR are shown in [Table 1](#T0001){ref-type="table"}. The median age at the time of surgery for the enrolled patients with TNBC was 50 years (range 24--76 years). Over half of the patients with TNBC (51.4%) were postmenopausal, and 53.1% had no lymph node metastases. The median tumor size was 4 cm. The majority (86.4%) had histological grade Ⅱ tumors. Among these figures, 171 breast cancers Ki-67 were ≥20% (59.8%), and 87 patients P53 status was positive (30.4%).Table 1Characteristics of triple negative breast cancer according to albumin-to-globulin ratio and neutrophil--lymphocyte ratioCharacteristicOverall (%)AGR*P*-valueNLR*P*-value\<1.63≥1.63\<2.93≥2.93**Age**0.5510.196 **≤50**124(43.4)60649232 **\>50**162(56.6)857713131**Menopause status**0.5570.086 **No**139(48.6)736610237 **Yes**147(51.4)727512126**Tumor size(cm)**0.1520.386 **≤2**61(21.4)36254516 **\>2**225(78.6)10911617847**Nodal status**0.8140.253 **N0**152(53.1)767612329 **N+**134(46.9)696510034**Histological grade**0.1850.318 **I**6(2.1)1551 **II**247(86.4)12911818958 **III**33(11.5)1518294**Ki 67status**0.7180.111 **\<20%**115(40.2)60558431 **≥20%**171(59.8)858613932**P53 status**0.4430.539 **Positive**87(30.4)41467017 **Negative**199(69.6)1049515346[^2]

Optimal cutoff point of AGR and NLR in patients with TNBC {#S0003-S2002}
---------------------------------------------------------

The median value of ALB was 45.3 g/L (interquartile range, 26.9--56.8), and the median value of GLB was 27.7 g/L (interquartile range, 16.3--44.9). The median value of AGR was 1.70, and the optimal cut-off value for DFS was 1.63 (area under the curve \[AUC\]=0.586, *P*=0.043) according to the ROC curve plotted in [Figure 1](#F0001){ref-type="fig"}.Figure 1ROC curves assessing the cut-off of AGR and NLR for predicting the occurrence of disease events in the study.**Abbreviations:** AGR, albumin-to-globulin ratio; NLR, neutrophil--lymphocyte ratio; CO-AN, combination of decreased AGR and increased NLR.

Among the 286 patients with TNBC, the mean counts of neutrophil were 3.70×10^9^/L (range, 1.49--7.1×10^9^/L), and the mean counts of lymphocytes were 1.88×10^9^/L (range, 0.4--5.4×10^9^/L). The median value of NLR was 2.83. We also determined the optimal cutoff levels for the NLR by ROC analysis. Regarding NLR, the value of 2.93 was chosen as the cut-off level as associated with a high sensitivity and specificity for DFS.

CO‑AN was defined as the combination of decreased AGR and increased NLR. CO‑AN was scored between 0 and 2 according to the number of decreased AGR and increased NLR. For example, patients with 1 decreased AGR and 1 increased NLR were scored 2, whereas patients with one or zero decreased AGR or increased NLR were scored 1 or 0, respectively. Finally, by comparing the AUC, the association between AGR, NLR, and CO‑AN with reoccurrence rate was assessed. CO‑AN exhibited greater predictive significance (AUC, 0.647; *P*=0.001; 95% confidence interval \[CI\], 0.568--0.726) compared with AGR or NLR.

All patients with TNBC were divided into either low- (\<1.63) or high-(≥1.63) AGR groups ([Table 1](#T0001){ref-type="table"}). Similarly, the patients also dissolved into the low-NLR (\<2.93) group and the high-NLR (≥1.63) group ([Table 1](#T0001){ref-type="table"}). As demonstrated in [Table 1](#T0001){ref-type="table"}, no statistically significant difference was observed in clinicopathologic characteristics between patients with TNBC with low and high AGR/NLR.

Survival in terms of AGR and NLR status in patients with TNBC {#S0003-S2003}
-------------------------------------------------------------

During the follow-up, 227 patients (79.4%) did well without any evidence of disease progression, whereas 59 patients (20.6%) experienced progressive diseases or death.

The optimal cut-off value was 1.63 for the AGR by ROC analysis. We tested AGR\<1.63 or AGR≥1.63 for DFS by using Kaplan--Meier survival analysis. We observed that patients infused an AGR\<1.63 compared with patients infused with an AGR≥1.63 experienced superior DFS (*P*=0.025) ([Figure 2A](#F0002){ref-type="fig"}).Figure 2Kaplan-Meier curves for DFS according to optimal cutoff points of AGR and NLR. (**A**) AGR. (**B**) NLR.**Abbreviations:** DFS, disease-free survival; AGR, albumin-to-globulin ratio; NLR, neutrophil--lymphocyte ratio.

Conversely, patients with a low NLR (\<2.93) enjoyed a longer DFS compared with those with high NLR (≥2.93) values (*P*=0.000) ([Figure 2B](#F0002){ref-type="fig"}).

To further investigate the prognostic significance of CO-AN, we tested the whole cohort by Kaplan--Meier survival curves. The prognostic significance is shown in [Figure 3](#F0003){ref-type="fig"}. The DFS of the three groups was significantly different (*P*=0.000). The patients with CO-AN=0 had a significantly higher survival probability than the other two groups. Conversely, the survival rate of the patients with CO-AN=2 was the lowest among the three groups.Figure 3Kaplan-Meier curves for DFS according to optimal cutoff points of CO-AN.**Abbreviation:** DFS, disease-free survival; CO-AN, combination of AGR and NLR.

Predictors for DFS in patients with TNBC {#S0003-S2004}
----------------------------------------

We determined the association of clinicopathologic factors with DFS by univariable analysis. We found that AGR (HR: 0.549, 95% CI=0.322--0.936, *P*=0.028), NLR (HR: 2.524, 95% CI=1.495--4.261, *P*=0.001), CO-AN (HR: 2.013, 95% CI=1.3898--2.900, *P*=0.000), and lymph node status (HR: 3.840, 95% CI=2.136--6.903, *P*=0.000) were significant prognostic indications for DFS ([Table 2](#T0002){ref-type="table"}). Similarly, multivariate analysis identified AGR, NLR, CO-AN, and lymph node status as independent prognostic factors ([Table 2](#T0002){ref-type="table"}). The menopause status, age, tumor size, and histological grade status had no significant association with DFS in either univariate or multivariate analysis.Table 2Univariate and multivariate analyses of clinicopathologic characteristics for DFS in triple negative breast cancerUnivariate analysisMultivariate analysisVariableHR(95% CI)*P*-valueHR(95% CI)*P*-valueAGR0.549(0.322--0.936)**0.028**0.513(0.288--0.913)**0.023**NLR2.524(1.495--4.261)**0.001**2.387(1.385--4.114)**0.002**CO-AN2.013(1.398--2.900)**0.000**2.253(1.331--3.812)**0.002**Lymph node status3.840(2.136--6.903)**0.000**3.669(2.035--6.614)**0.000**Ki 67 status0.956(0.569--1.603)0.9561.818(0.634--2.197)0.601Menopause status0.970(0.582--1.617)0.9081.069(0.515--2.217)0.858Age0.960(0.574--1.605)0.9600.939(0.447--1.971)0.867Tumor size1.008(0.534--1.904)0.9800.826(0.430--1.588)0.566Histological grade status1.312(0.656--2.623)0.4421.682(0.761--3.720)0.199P53 status1.021(0.587--1.778)0.9410.963(0.503--1.843)0.909[^3]

Discussion {#S0004}
==========

Growing interest is observed in the interaction between cancer cells and the host immune system. Breast cancer has a rather unique and complex microenvironment, which is rich in growth factors, proteinases, and inflammatory cytokines that are of benefit to proliferation, invasion, and metastasis of breast cancer cells.[@CIT0010],[@CIT0011] Increased serum levels of inflammatory cytokines are also related to the poor clinical features of breast cancer.[@CIT0012] Consequently, cancer-associated inflammation is a key molecular feature in breast cancer.

ALB and GLB are two important components of systemic inflammatory response. The combination of these two indexes (AGR) has been reported to be significant in several types of cancers, including hepatocellular carcinoma, small-cell lung cancer, and nasopharyngeal carcinoma.[@CIT0013],[@CIT0014] In our study, we included 289 cases, and the pretreatment AGR was an independent prognostic factor for patients with TNBC. To the best of our knowledge, this work is the first study to report the prognostic value of preoperative AGR in patients with TNBC.

ALB is a major protective element that can stabilize DNA replication and cell growth, which can go against carcinogenesis by aflatoxins and nitrosamines.[@CIT0015] Additionally, some research recommended that the high concentration of ALB can inhibit the growth of a variety of tumor cells.[@CIT0015],[@CIT0016] ALB generation can be suppressed by inflammation and malnutrition, which are the pathogenic factors of many cancers.[@CIT0017] Cytokines, such as TNF and IL-6, were produced by the inflammatory response, which can reduce the ALB synthesis by the liver cells.[@CIT0018],[@CIT0019] Previous studies confirmed that low levels of ALB were associated with poor prognosis in multiple malignancies.[@CIT0018]--[@CIT0020] GLB was produced by immune organs and reflected the immune status,[@CIT0021] which included a large number of acute reactive protein. Elevated globulin levels may reflect the inflammatory status marked by the immunoglobulins, acute phase proteins, and other serum proteins. This condition was also related to the poor prognosis in several malignant tumors.[@CIT0021] As mentioned above, the inflammatory state may play an important role in the TNBC carcinogenesis.

In our study, the best cut-off for AGR was 1.63, which was determined by the ROC analysis. This value was close to the optimal cut-off value reported in the previous studies on esophageal squamous cell carcinoma.[@CIT0022] The use of diverse AGR cut-off values in a diverse cohort of patients with breast cancer may lead to varied survival results. Therefore, the optimal and generalized AGR thresholds for patients with TNBC should be determined in the future with a large cohort.

Neutrophils play an important role both in systemic and local inflammatory responses. The upregulation of neutrophils can reflect the invasive characteristics of cancer cells as it was primarily stimulated by hematopoietic cytokines from tumor cells.[@CIT0023] Neutrophils can produce the substances, such as arginase, reactive oxygen species, and nitric oxide, and inhibit the function of cytotoxic lymphocytes.[@CIT0024],[@CIT0025] Meanwhile, lymphocytes had anticancer activity by inhibiting tumor growth or metastasis.[@CIT0026] Lymphocyte counts can reflect endogenous cancer resistance of the immune system.[@CIT0027],[@CIT0028] By the combination of neutrophils and lymphocytes, high NLR level has been shown to be a promising indicator of poor prognosis for patients with cancer.[@CIT0029]--[@CIT0031] In this study, the optimal cutoff value of 2.93 for the NLR was found to exhibit superior prognostic value for the DFS of TNBC. The threshold is similar to the results of some previous TNBC research.[@CIT0032]--[@CIT0034] However, this study also used the higher NLR thresholds compared to several previous TNBC studies.[@CIT0035]--[@CIT0037] This may due to the difference of the geographical area, race and the number of grouped patients.

Importantly, the results of the present study further demonstrated that CO‑AN has improved predictive power compared with AGR and NLR, individually. The CO-AN may thus represent a more effective prognostic factor than the marker alone.

Conclusions {#S0005}
===========

Our findings strongly suggest that the AGR and NLR are significantly associated with the survival time in patients with TNBC, and we moreover defined the specific AGR/NLR cut-off value restricted to patients with TNBC, considering the large heterogeneity of breast cancer. Furthermore, our results indicated that the prognosis of patients with CO-AN can be well predicted. Given that this work was a retrospective and single-center study, further investigations need to be performed to validate our conclusion.
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